Bacterial populations from gastrointestinal tracts of genetically lean and obese pigs fed a low-or high-fiber diet (0 or 50% alfalfa meal, respectively) were enumerated with rumen fluid media and specific energy sources. Total culture counts in rectal samples declined 56 (P > 0.05) and 63% (P < 0.05) in lean and obese animals, respectively, 3 weeks after feeding the high-fiber diet. After 8 weeks, culture counts had risen and were similar to those obtained before alfalfa was fed (0 week). At slaughter, 12 to 17 weeks after feeding the high-fiber diet, total counts from rectal samples of lean pigs continued to rise and were 13% greater than the 0-week counts, whereas counts from obese animals declined 37% (P > 0.05). The number of cellulolytic bacteria in rectal samples of lean-genotype pigs fed the high-fiber diet increased 80 and 71% from 0 to 3 weeks and 3 to 8 weeks, respectively. This overall increase from 0 to 8 weeks in lean pigs was significant (P < 0.05); however, these increases were not seen in obese pigs. These data suggest that the microflora is initially suppressed when exposed to a high-fiber diet and that later some adaptation takes place, apparently more so in lean than in obese pigs. When specific energy sources were used to delineate the distribution of different bacterial populations in the cecum, colon, and rectum, trends could be detected between high-and low-fiber diets. These data also support the concept that bacterial populations from different sites in the large bowel differ.
Information on the utilization of dietary fiber for energy by nonruminant species is limited. There is evidence for individual variation among humans (3, 8 ; J. L. Jeraci et al., Abstr. Am. Soc. Anim. Sci., abstr. no. 245, 1980 ) and pigs (10, 15) in their ability to utilize dietary fiber. Betain et al. (3) found cellulose-digesting bacteria in fecal samples from only one of five human subjects, and the rate of cellulose degradation of the Bacteroides sp. isolated was lower than that of rumen isolates. These results suggested that diet or genetic influences were involved in the ability to harbor active cellulolytic bacteria. In contrast, Slavin et al. (24) found no significant variation in fiber digestibility among seven human subjects; however, fiber digestion decreased from 70 to 23% when the subjects were placed on a high-fiber diet. Bornside (4) concluded that the major groups of bacteria and their concentration in gastrointestinal tracts of humans are not altered by dietary fiber. This conclusion is supported by the work of Salyers et al. (23) , who reported that anaerobic bacteria from the human colon have inducible rather than constitutive enzymes, and therefore, the same microbial flora could have very different overall metabolic activities, depending on the diet of the host.
The present study determined the effect of low-and high-fiber diets on the bacterial population in the feces and intestinal tracts of obeseand lean-genotype pigs. Thus, our experiments were designed to enumerate the bacterial populations from genetically lean and obese pigs fed a low-or high-fiber diet (0 and 50% alfalfa meal, respectively). Total viable cells and cellulolytic bacteria from feces were enumerated at 0, 3, and 8 weeks after pigs were fed the high-fiber diet to determine whether counts were altered. At slaughter, bacterial populations were compared from the cecum, colon, and rectum, using specific energy sources (1, 7 (6) was used for estimating most probable numbers (three tubes) of cellulolytic bacteria. Volatile fatty acdds in cecum, colon, and rectal samples were determined by gas chromatography (26) . Data were analyzed by least-squares analysis of variance, as described by Harvey (11) , and Duncan's multiplerange test (25) .
RESULTS
Total viable counts. Colony counts from rectal samples of genetically lean and obese pigs fed rations containing low or high fiber were compared at various time intervals after feeding the diets (Table 1) . Culture counts declined 56 (P > 0.05) and 63% (P < 0.05) in lean and obese animals, respectively, 3 weeks after feeding the high-fiber diet. During the same time, culture counts from rectal samples of lean and obese animals fed the low-fiber diet also declined 23 and 41% (P > 0.05), respectively. We attributed this difference in colony counts between 23 and 56% (33%) and 41 and 63% (22%) to diet. After 8 weeks on the high-fiber diet, colony counts had returned to initial (0-week) levels. At slaughter, 12 to 17 weeks after feeding the high-fiber diet, the total counts from rectal samples of lean pigs continued to rise and were 13% greater (P > 0.05) than the 0-week counts, whereas counts from obese animals declined 37% (P > 0.05).
Cellulolytic populations. A comparison of the cellulolytic population from these animals is shown in Table 2 . A significant change (P < 0.05) was observed over an 8-week period in lean animals fed the high-fiber diet, in which the cellulolytic population increased 80 and 71% from 0 to 3 weeks and 3 to 8 weeks, respectively. Only a minimal and nonsignificant (P > 0.05) increase was observed during this same period in obese animals fed the same diet. Samples for cellulolytic counts were not obtained at slaughter.
Volatile fatty acids. A comparison of the concentrations of volatile fatty acids obtained in the cecum, colon, and rectum at slaughter is shown in Table 3 . The concentration of propionate found in the colons and rectums of lean animals and in the rectums of obese animals fed the highfiber diet was higher than that found in animals fed the low-fiber diet. This in turn significantly lowered the acetate-propionate ratio (P < 0.05). Also of interest was the similarity of the acetatepropionate ratios among the ceca, colons, and rectums of animals fed the low-fiber diet and the significantly different ratios (P < 0.05) among the ceca and colon-rectums of both lean and obese animals fed the high-fiber diet.
Specific energy sources. A general trend was observed in both obese-and lean-genotype animals, irrespective of diet, for the percentage of the total viable population metabolizing a specific energy source to decline from the proximal to the distal end of the large bowel (Table 4) .
Another trend observed was for the percentage of the total bacterial population using the hydrolytic products of cellulose (glucose and cellobiose) to be higher in the ceca and colons of lean animals fed the high-fiber diet than in those fed the low-fiber diet. This trend was not consistent in obese animals, suggesting that the cellulolytic activity or number of cellulolytic bacteria was less in these pigs. The percentage of the total population metabolizing xylose was 44% greater (P > 0.05) in the ceca of lean pigs fed the high-fiber diet than in those fed the lowfiber diet. However, this was just the opposite in the rectum, where the percentage of the total population using xylose was approximately 42% more (P > 0.05) in animals fed the low-fiber diet. Essentially no differences in percentages of total population using xylose were observed between obese animals fed the low-fiber diet and those fed the high-fiber diet, although the declining a Each value represents the mean number ± standard error of colony counts on TVC medium from three pigs (four roll tubes per pig). Means in each row do not differ (P > 0.05). Means in each column not followed by identical numerical superscripts differ (P < 0.05). Lean and obese pigs fed a low-fiber diet were slaughtered at 12 to 13 weeks; lean and obese pigs fed a high-fiber diet were slaughtered at 14 and 17 weeks, respectively. b Low-fiber diets.
counts from the proximal to the distal end was obvious. The percentage of the total population metabolizing starch was 35 and 27% higher (P > 0.05) in the ceca and rectums, respectively, of lean animals fed the low-fiber diet than in those fed the high-fiber diet. In obese animals, the percentage of total counts found in the rectum that metabolized starch was 51% greater (P > 0.05) in pigs fed the high-fiber diet than in those fed the low-fiber diet. The percentage of total bacteria that metabolized the disaccharide of starch, i.e., maltose, was roughly similar for both diets in each genotype, with the exception that the counts from the ceca of lean pigs fed the high-fiber diet were 27% higher than in those fed the low-fiber diet. Other single energy sources used but not shown in Table 4 were mannitol, glycerol, lactate, and Trypticase. Each of these substrates supported less than 12% of the colonies observed with TVC medium and therefore are not reported here. Colonies in media without a substrate did not form to an appreciable size and could only be distinguished with a magnifying device. DISCUSSION The data from this study (Table 1) suggest that the microflora in the porcine gastrointestinal tract is initially suppressed when exposed to a high-fiber diet and that at a later time the flora reestablishes itself, suggesting that some adaptation takes place. The data in Table 2 suggest that adaptation of the cellulolytic population occurs more rapidly in lean-genotype than in obesegenotype pigs. The number of cellulolytic bacteria in lean pigs fed the high-fiber diet increased 17-fold, whereas a nonsignificant increase (P > 0.05) was observed in lean animals fed the lowfiber diet. This significant change (P < 0.05) also was not observed in obese animals on either diet.
Whether the increase in the cellulolytic population is indirectly responsible for the increase in the total counts is uncertain. The cellulolytic bacteria cultured in this study at no time represented more than 2% of the total viable count. However, as a result of cross-feeding from the hydrolytic products of cellulose, i.e., cellobiose, glucose, etc., it is possible that the cellulolytic bacteria need to be present only in a catalytic concentration to greatly influence the total microbial count when a high-fiber diet is fed. Counts observed in the ceca and colons of lean pigs receiving the high-fiber diet were higher than in those receiving the low-fiber diet when glucose and cellobiose were used as the single energy sources (Table 4) , thus supporting the potential cross-feeding hypothesis. Directly measuring cellulase activity would be beneficial in determining the significance of this crossfeeding effect.
Gargallo and Zimmerman (10) also found that cellulose digestion in pigs increased with time (12 to 28 to 40 days) when 10 or 18% of a basal diet was Solka-Floc. However, the study of Kass et al. (14) , in which pigs were fed alfalfa meal and slaughtered at either 48 or 96 kg, showed that the apparent digestibility of nutrients in each section of the gastrointestinal tract was similar and suggested that any adaptive response to allow increased utilization of the fiber was minimal. No clear-cut distinction is implied in this study as to whether a higher total bacterial count is expected from pigs fed a highgrain diet than from those fed a high-forage diet, as might be expected in the rumen (16) .
The reason for the lower acetate-propionate ratio in the colon and rectum of both lines of animals fed the high-fiber diet than in those fed the low-fiber diet is unknown. The lower ratio was due to a significantly higher concentration (P < 0.05) of propionate production. The literature indicates conflicting results on the effect of fiber on acetate-propionate ratios in the gastrointestinal tracts of pigs (2, 8, 9, 13, 19) . In the rumen, a lower concentration of propionate is expected when a high-fiber diet is fed; thus, the acetate-propionate ratio is increased. However, similarities in volatile acids between the rumen and the lower bowel are not necessarily comparable, owing to the different environments.
In a study of the gastrointestinal traits of the animals used in this study (J. C. Pekas et al., Abstr. Am. Soc. Anim. Sci., abstr. no. 329, 1981) and a previous study (17) , it was determined that the lean pigs were characterized by a heavier stomach and a significant increase in weight (P < 0.01) of the small intestine and of the colon-rectum when fed a high-fiber diet. The nature of this increased weight was believed to be hypertrophy of smooth-muscle linings of the gastrointestinal tract, but the microscopic morphology and biological importance were undetermined. These differences in gastrointestinal traits, whether negative or positive as far as nutrient efficiency is concerned, support the differences we observed with the cellulolytic microflora, i.e., that the responses of lean-and obese-genotype pigs to a high-fiber diet are different.
The data in Table 4 indicate that, when specific energy sources were used to delineate the distribution of different bacterial populations in the cecum, colon, and rectum, different trends could be detected between high-and low-fiber diets. A consistent trend, i.e., differences in percentages of total counts cultured on specific energy sources in the cecum, colon, and rectum, was not always observed, perhaps implying in- (1) indicated that the variability they saw with counts from various pigs was due to actual differences in numbers of bacteria and not to the variability of the methodology for culturing bacterial cells.
The data in Table 4 indicate that the percentage of total viable bacteria that metabolize a specific energy source declines from the proximal to the distal end of the large bowel, supporting the concept of Allison et al. (1) that bacterial populations from different sites in large bowels of pigs differ and that the extent of these differ- ences (not yet fully known) may limit the conclusions that can be drawn from studies with fecal populations alone.
We feel that the answer to both questions we were initially asking (i.e., does diet influence bacterial populations in the gastrointestinal tract, and do pigs of a widely different genetic background have different abilities to utilize dietary fiber?) is yes. However, further studies need to be conducted to determine the overall significance of these parameters. Additional microbiological studies need to be conducted to verify our results, along with nutritional studies to determine the performance of the host animal when exposed to a high-fiber diet. In the future, cannulation of the cecum and colon may prove beneficial in that numerous samples could be obtained instead of only one when the animal is slaughtered. Numerous studies (1, 15, (20) (21) (22) indicate animal-to-animal variability in bacterial populations; therefore, using a small number of cannulated animals initially fed one diet, sampled repeatedly, and then switched to another diet and sampled again may provide interesting results.
